ischemic cerebral cortex compared to sham-operated animals. Moreover, the enhancement of eH]MK-801 bind ing by exogenous glutamate was preserved in an area of the brain that was permanently damaged by the ischemic insult. Key Words: Focal ischemia-Cerebral cortex NMDA receptor-MK-801-Glutamate.
have been the subject of minimal investigations. In a model of global ischemia in the rat, no significant alteration in NMDA recognition sites was detected in the hippocampus in the first 48 h after the isch emic episode (Westerberg et al., 1987) . No signifi cant reductions in eH1MK-801 binding sites in the hippocampus occur in the first 24 h after an episode of global ischemia in the gerbil, although at later times reductions in binding are noted in parallel with neuronal loss (Bowery et al., 1988) . There have been no reliable investigations previously of the behavior of the NMDA receptor complex in models of focal cerebral ischemia although it is in models of focal ischemia that the neuroprotective effects of glutamate receptor antagonists are most readily demonstrable (Kochhar et al., 1988; Ozyurt et al., 1988; Park et al., 1988a,b; Plum et al., 1986) .
Biochemical and electrophysiological experi ments have indicated the agonist-dependent nature of the NMDA receptor blockade with MK-801 and it has been suggested that this compound binds within an ion channel linked to the NMDA receptor (Foster and Wong, 1987; Kemp et al., 1986) . Thus, if glutamate-induced neurotoxicity is secondary to the NMDA receptor-mediated opening of an ion channel, evaluation of the functional integrity of this system following an ischemic insult would pro vide crucial information for the development of novel therapeutic agents. The purpose of the present study was to investigate the agonist dependent binding of eHlMK-801 after permanent focal ischemia in the rat, at a time when neurons are irreversibly damaged. The results demonstrate that even when brain tissue is rendered nonviable by an ischemic insult, the NMDA receptor complex re tains its functional integrity.
The investigations were carried out in 16 male Sprague-Dawley rats (300-350 g). Permanent oc clusion of the right middle cerebral artery (MeA) was performed on six rats anesthetised with 2% halothane as described by Tamura et al. (1981a) . In six sham-operated rats, the MeA was exposed but not occluded. Postoperatively, the animals were monitored until they had recovered from the effects of anesthesia. Twelve hours after surgery, the rats were killed and the brains rapidly excised. Two brain regions were carefully dissected from both hemispheres (see here dorsomedial cortex. In this region, cerebral blood flow is reduced after MeA occlusion but not to a level sufficient to cause ischemic cell damage (Tamura et al., 198Ib) . The second was a more ven tral area of frontoparietal cortex including somato sensory cortex, termed here lateroventral cortex (see Fig. 1 A) . This region displays irreversible isch emic damage in every animal after MeA occlusion (Tamura et al., 198Ib) .
Washed synaptic membranes were prepared ac cording to the method of Foster and Wong (1987) using the entire P2 pellet. Protein content was mea sured according to the method of Lowry et al.
A (1951) . eH]MK-801 binding assays were carried out in a final incubation volume of 1 ml containing 5 mMTris Hel buffer, pH 7.4, 300-800 f..L g of mem brane protein, and 2 nM eHlMK-801 either in the presence or absence of glutamate (10 f..L M). Nonspe cific binding was defined in the presence of MK-801 (100 f..L M). Samples were incubated at room temper ature for 45 min, then filtered rapidly through What man GF/B filters using a Brandel M24R cell har vester, and washed with 2 x 5 ml ice-cold assay buffer. Radioactivity in the filters was determined by liquid scintillation counting. All assays were per formed in duplicate. The experimenter was blind to the type of surgery that each animal received.
In order to define the distribution of ischemic brain damage 12 h after unilateral MeA occlusion, an additional four rats were prepared as described In the ischemic lateroventral cortex ipsilateral to the MCA occlusion, the binding of eH]MK-801 in the absence of glutamate was reduced (by 40%) rel ative to sham-operated controls, but the reduction failed to achieve statistical significance (p > 0.05, Student's t test). In the presence of glutamate, the binding of eHlMK-801 to ischemic lateroventral cortical samples was significantly enhanced (Fig.   2 ). Moreover, the proportionate increase, relative to binding in the absence of glutamate, was similar in both the MCA-occluded (increased by 430%) and sham-operated (increased by 480%) groups (Fig. 2) .
In the dorsomedial cortex ipsilateral to the MCA occlusion, eH]MK-801 binding both in the absence and presence of glutamate was no different in sham operated and MCA-occluded animals (Fig. 2) . In (2 nM) binding in the absence and presence of glutamate (10 fLM), respectively. Data are presented as mean ± SEM, n = 6. Numbers above the bars represent the mean percentage in crease in binding stimulated by glutamate.
We believe that the importance of the present study lies not in the demonstration that eHlMK-801 binding in the absence of glutamate is somewhat reduced when the neurons on which the binding sites are located are irreversibly damaged. Rather, our results demonstrate that at a time when few viable neurons are present, the integrity of the re maining NMDA receptor complexes is preserved:
glutamate acting at its own recognition site retains the ability to enhance [3H]MK-801 binding within the ion channel coupled to the NMDA receptor.
Previous findings have indicated the robust na ture of the NMDA receptor up to 4 days after tran sient global ischemia in the rat (Westerberg et aI., 1987) . Similarly, in the gerbil, transient unilateral ischemia was associated with clear neuronal loss in the CA 1 field of the hippocampus at 2 days, but this was not accompanied by any alteration in the den sity of eH]MK-801 binding sites in that region (Bowery et aI., 1988) . It was proposed that although In the present report, in a model of focal cerebral ischemia, we have identified alterations in the bind ing of a noncompetitive NMDA receptor ligand at an earlier time and of a greater magnitude than ob served previously in models of global ischemia.
However, at this time (12 h), the response of eH]MK-801 to exogenous glutamate is still readily demonstrable even after the neurons display histo pathologic features of irreversible damage.
